A molecular-dynamics study of the structure and dynamics of monatomic liquids and glasses is presented. The local atomic structure and its development during the quenching process are analyzed in terms of fluctuations of atomic-level stresses and their correlations. This approach extends the basis for the description of the local structure from the usually employed scalar quantity, the local density fluctuation, to a tensorial quantity, the local stress fluctuation. It is shown here that the local stress fluctuations and their spatial and temporal correlations provide a detailed picture of the dynamics of the liquid and of the transition from an ideal fluid to a viscous liquid, and then to a glass. In particular, it is demonstrated that the shear stresses which are spatially uncorrelated at high temperatures become correlated below a temperature, T s , which is about twice the glass transition temperature. At the same time the dynamic behavior of the liquid, characterized by the diffusivity, viscosity, and phonon states, changes sharply at this temperature. Implications of this apparent structural transition and its origin are then discussed. A molecular-dynamics study of the structure and dynamics of monatomic liquids and glasses is presented. The local atomic structure and its development during the quenching process are analyzed in terms of fluctuations of atomic-level stresses and their correlations. This approach extends the basis for the description of the local structure from the usually employed scalar quantity, the local density fluctuation, to a tensorial quantity, the local stress Suctuation. It is shown here that the local stress fiuctuations and their spatial and temporal correlations provide a detailed picture of the dynamics of the liquid and of the transition from an ideal Quid to a viscous liquid, and then to a glass. In particular, it is demonstrated that the shear stresses which are spatially uncorrelated at high temperatures become correlated below a temperature, T, ', vrhich is about twice the glass transition temperature. At the same time the dynamic behavior of the liquid, characterized by the difFusivity, viscosity, and phonon states, changes sharply at this temperature. Implications of this apparent structural transition and its origin are then discussed.
I. INTRODUCTION The structure of liquids and amorphous metals snd their dynamics have been a subject of a large number of theoretical and computer-simulation studies. ' The structure of liquids is usually described in terms of local density fiuctuations, and their dynamics has often been investigated in the framework of hydrodynamic theories. Initially, only linear approximations were considered, but the modern mode-coupling theory employs nonlinear equations snd incorporates thus, to some extent, the atomistic nature of the system. ' This theory was recently extended to describe even the glass transition ' but it does not explain satisfactorily several phenomena observed experimentally or in computersimulation studies. For instance, while it describes successfully the power law for the long tail of the velocity or shear stress sutocorrelation functions, it does not give correct magnitudes of the long tail. " It also predicts that just above the glass transition temperature T the viscosity should obey a power law. ' ' However, while such s power law hss been observed experimentally, it breaks down at a temperature much higher than T . '
Such discrepancies indicate that the glass transition is not described adequately in the framework of hydrodynamic theories. In order to make further progress a more detailed understanding of atomic-level mechanisms need to be developed, and for this purpose it may be necessary to adopt a different point of view in describing the local structure. In this paper we introduce such an alternative approach which is based upon the notion of atomic-level stresses. The basis for the description of the local structure is thus extended from the usually employed scalar quantity, the Quctuation of the local density, to a tensorial quantity, the Nuctuation of the local stress. This description of the local structure includes density fiuctuations since they are represented by the hydrostatic component of the stress tensor, but treats on an equal footing the local shear strain fluctuations, represented by shear stresses. The local density Auctuations are related to the local atomic coordination number, while the shear strains relate to local distortions away from the spherical symmetry in the near-neighbor coordination shells.
To demonstrate these concepts and show their physical significance we present here results of a moleculardynamics study of a monatomic liquid as it is gradually cooled down from a relatively high temperature and subsequently passes through the glass transition without crystallization. The analysis of the structure in terms of the local density and shear fluctuations leads to a new interpretation of both the glass transition and the dynamics of liquids. In particular, it has been suggested earlier that the thermal averages of the second moments of the stresses are proportiona1 to temperature at high temperatures, but freeze to finite values at the glass transition. In a separate MD run we observed the system crystallize into the body-centered-cubic lattice. Although crystallization and melting are not the subject of the present paper this observation is worth mentioning, since it assures that all the results discussed further are not due to partial crystallization. This MD run started at 1220 K and crystallization was noted by a rapid increase in temperature and a change in the pair distribution function (PDF). The temperature of the system was increasing as the crystallization proceeded, since in the microcanonical system the latent heat released during crystallization could not dissipate. The PDF after 5&(10 MD steps, when the temperature increased to 1320 K, is shown in Fig. 1 Fig. l(b) . This PDF corresponds to a vibrating bcc crystal.
In addition, we carried out similar MD studies on a bcc system consisting of 1024 atoms. Upon heating this system showed increased disorder above the experimental melting temperature (1808 K), but did not quite lose the crystalline structure, judging according to the PDF. In other words, it did not totally melt"presumably because the volume was kept constant.
IV. TEMPERATURE DEPENDENCE GF PRESSURE AND SHEAR STRESS FLUCTUATIONS
The temperature dependence of the average pressure (0), (t) ), (9) the time integral of which determines viscosity [see Eqs.
(1) and (4) Fig. 4 from the curve for T =1408 K. Such a long tail was ob- (4) quantities such as d4/dr, and F"P(x;J) are totally uncorrelated at high temperatures, the shear stress correlation function for atom i and atom j which are nearest neighbors to each other becomes Owing to these features of icosahedral clusters of atoms, if one attempts to construct a disordered structure by packing only tetrahedra of atoms, thus locally forming icosahedra, stresses in this structure would rapidly increase with the size of the aggregate. In order to remove such stresses, Kleman and Sadoc introduced the notion of the curved space. They pointed out that at a certain curvature the space can be filled by tetrahedra alone without any distortions, and such a structure may then be used as a template for the structure in the real, 6at (Euclidean) space. 
where v is the Poisson ratio. Equation (16) 
